Stimulation of lateral hypothalamus : a motor response pattern. by Smith, Dennison Alvord
University of Massachusetts Amherst
ScholarWorks@UMass Amherst
Doctoral Dissertations 1896 - February 2014
1-1-1969
Stimulation of lateral hypothalamus : a motor
response pattern.
Dennison Alvord Smith
University of Massachusetts Amherst
Follow this and additional works at: https://scholarworks.umass.edu/dissertations_1
This Open Access Dissertation is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for inclusion in
Doctoral Dissertations 1896 - February 2014 by an authorized administrator of ScholarWorks@UMass Amherst. For more information, please contact
scholarworks@library.umass.edu.
Recommended Citation
Smith, Dennison Alvord, "Stimulation of lateral hypothalamus : a motor response pattern." (1969). Doctoral Dissertations 1896 -
February 2014. 3353.
https://scholarworks.umass.edu/dissertations_1/3353

ABSTRACT
Rats in which electrodes elicited stimulus bound behavior were tested in
two experiments designed to assess their reactivity to the taste and caloric
aspects of liquid foods. In addition, a third experiment examined the effect
of previous response experience on the ability of deprived and brain-stimulated
animals to demonstrate a new response when a well established response of lick-
ing was no- longer reinforced.
The results indicated that with only a single consunrna t ory response avail-
able to the animals (licking the available tube), the adulteration of milk with
quinine more effectively suppressed both the bar-pressing end licking behavior
of the deprived animal than the liypothalamically stimulated animal. However,
the animals did not appear to be hungrier in the electrical stimulation of the
lateral hypothalamus (ESLH) condition since they did not consume more unadulter-
ated milk than they consumed when deprived.
In two-bottle preference test situations pitting a sweet non-nutritive sub-
stance against a standard nutritive substance adulterated with various amounts
of quinine, ESLH facilitated responding for both solutions. In general the
greater the quinine adulteration the less the responding for the nutritive
sucrose solutions relative to the responding for the standard non-nutritive
saccharin solution. However, no choice differences were observed between brain
stimulation and no-brain stimulation conditions. Deprivation unlike lateral
hypothalamic stimulation increased the relative intake of the nutritive substance
and in addition made the animals more reactive to taste.
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form a well learned response (licking) that was no-longer reinforcing. Animals
when train stimulated, however, continued to display the previously rewarded
response for long periods despite the fact that the drinking tubes were empty.
It is suggested that ESLH elicits basic oral response patterns such as
sucking and looting that are normally exhibited only by very young animals.
Typically during development these oral responses of young animals are modified
b\ experience and develop into more elaborate consummatory responses such as
chevriug, biting, and licking. The specific consummatory response employed by
the animal in normal situations would depend on which response was most appro-
priate for consumption in a given situation as well as on the. animal’s need
state
.
It is hypothesized that non-specific stimulation of the lateral hypoi hair-
must elicits the oral reflex patterns in the absence of needs such as hunger or
thirst. Therefore, the response exhibited would only depend on the consunnnator
object available to the animal at the time of stimulation. Furthermore, it is
argued that these motor responses are motivated in their own right.
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CHAPTER I
INTRODUCTION
The demonstration of well-integrated patterns of behavior produced
by electrical stimulation of the lateral hypothalamus has provided the
psychologist interested in motivation, as well as other scientists,
with an important tool for investigation of a variety of behaviors.
These include the following: eating (Hess, 1949) ; drinking (Greer,
1955); gnawing (Roberts and Carey, 1965); hoarding (llerberg and Blun-
dell, 1967); copulation (Vaughan and Fisher, 1962); and attack (Wasman
and Flynn, 1962; Panksepp and Trowill, in press). This dissertation
will be primarily concerned with feeding behavior in the rat resulting
from electrical stimulation of the lateral hypothalamus (ESLH)
.
Intervening motivational variables such as drive are not directly
observable and hence must be defined by the occurrence of preceding
stimuli and resulting responses. Accordingly, feeding behavior is
usually regarded as evidence for the existence of a hunger drive that
results from bodily needs. However, this need not be the case. For
example, it has frequently been observed that animals eat food when
they are nondeprived and the available food is highly palatable
(Young, 1961; Trowill, Panksepp and Gandelman, 1969). It is also pos-
sible that eating behavior is elicited in the need-free animal when
/
2stimuli associated with hunger are present (Calvin, Bicknell, and
Sperling, 1953). Furthermore, animals show time feeding habits that
are related to the day-night cycle (Bare, 1959).
A variety of physiological manipulations have been demonstrated
to increase feeding behavior. These include chemical stimulation of
limbic structures (Grossman, 1967), injections of insulin (Booth,
1968)
,
lesions of the ventromedial hypothalamic nucleus (VMN) (Teitel-
baum, 1955), as well as ESLH (Miller, 1960). As a rule, it has been
assumed that these manipulations induce a physiological state which
partially, if not totally, mimics the effects of deprivation. These
studies have largely ignored the roles that palatability and learning
may play in influencing feeding behavior induced by these physiologi-
cal manipulations.
While the roles of palatability and learning have not been com-
pletely ignored in the work with ESLH, the literature on this subject
is at best confusing. Therefore, there is a necessity for experimen-
tation which will indicate the exact nature of the motivational state
produced by hypothalamic stimulation.
Two related eating phenomena resulting from ESLH have been re-
ported. In one instance, stimulation has the delayed effect of in-
creasing food consumption well after the stimulation is terminated
(Delgado and Anand, 1953) . Anand and Dua (1955) have reported that in
cats the delayed eating is not clearly correlated with blood sugar
level changes. While increased food intake associated with lateral
/
3hypothalamic stimulation was accompanied by blood sugar level increases,
and decreased food consumption resulting from medial hypothalamic stim-
ulation was associated with decreased blood sugar levels, sometimes
similar blood sugar level changes occurred without changes in food con-
sumption.
Anand and Dua have proposed a model to explain the effects of ESLH
on food consumption in which physiological needs do not play a role.
Their model advances the idea that the medial and lateral hypothalamus
are inhibitory and facilitatory centers, respectively, which modulate a
reflexive eating mechanism that is activated by visual, auditory, tac-
tile, and chemical stimulation.
0. A. Smith (1961) has demonstrated this same post-stimulation
eating in rats. Smith noted that his animals often showed seizing and
chewing behavior during stimulation as well as directly after the stim-
ulation. A similar delayed effect has been reported to result from
seizures induced by stimulation of the anterior thalamus (Smith,
McFarland, and Teitelbaum, 1961). In the rat, this post-seizure eating
is a reliable and predictable phenomenon. However, it does not appear
to be similar to deprivation produced hunger in that quinine aversion
thresholds are not raised nor is it possible to maintain responding on
short fixed-ratio (FR) reinforcement schedules.
As mentioned earlier, ESLH can also induce feeding concurrent with
stimulation. This behavior called "stimulus-bound eating," was first
demonstrated by Hess (1949) in cats. Again, Smith (1956) was the first
/
4to report this effect in rats. Typically, this type of eating behavior
is evoked from electrodes implanted dorsal and lateral to the hypotha-
lamic fornix on a line between the fomix and the mammalothalamic tract
(MTT). The eating occurs within two to ten seconds after stimulation
onset and usually continues until the stimulation is discontinued.
In an effort to interpret the stimulus
-bound eating effect,
Grastyan, Lissalc, and Kekese (1956) suggested that ESLH acts to non-
specifically facilitate dominant responses and that it does not have
its effect by the arousal of a specific motivational state. In re-
sponse to this proposition, Coons and Miller (Miller, 1957, 1960) re-
ported several experiments which demonstrated similarities between
deprivation-produced and ESLH-produced eating. They showed that ESL11
could serve as the motivation to maintain a learned bar-pressing re-
sponse for food in satiated rats; that it could motivate the learning
of a new response for food (maze) ; and that it could induce water de-
prived rats to leave a drinking tube for food. Miller and Coons
(Miller, 1960) also reported individual rats that showed particular
preferences for different solutions when stimulated. For instance,
one rat would drink solutions with either sugar or salt but would not
drink water. Another rat only drank a solution that contained sugar.
Finally, they reported that D-amphet amine
,
an appetite depressant,
also affected ESLH eating in that increased current intensities were
required to elicit stimulus -bound eating.
In addition, Coons, Levak, and Miller (1965) reported that rats
can discriminate between two bars, one giving .-food reinforcement
5(either on a continual or a partial reinforcement schedule) and another
yielding no reinforcement. Furthermore, the response could be switched
from one bar to the other according to which bar controlled food deliv-
ery. Likewise, animals that learned to bar-press when satiated and
given ESLH continued to bar-press on the appropriate bar when they were
motivated by 48 hours of food deprivation.
In summary, these experiments provide strong support for the no-
tion that ESLII can motivate instrumental responding. Furthermore, the
responding is discriminative. Left unanswered by these experiments,
however, is the more specific question of how ESLH motivates the behav-
ior.
In contrast to the preceding, some evidence suggests that reac-
tions to the incentive motivational (taste) aspects of reinforcers may
be a critical difference between deprivation-produced and ESLH-produced
feeding. For example, Tenen and Miller (1964) showed that increasing
both hours of food deprivation and intensities of hypothalamic stimu-
lation increased tolerance for quinine in milk. Furthermore, tolerance
for quinine was maximally increased when the animals were deprived and
given the stronger electrical stimulation intensities. However, it was
also reported that at threshold current intensities, the subjects were
even more finicky about taking quinine in their milk than were animals
deprived for 12 hours. At the highest current intensity used, the op-
posite result occurred; i.e., the animals tolerated more quinine than
animals deprived for 84 hours. Tenen and Miller suggested that there
/
6may be a switch over from motivated behavior at low stimulus intensi-
ties to compulsive eating and the dominance of the motor components of
feeding with the higher intensities. They observed that the consumma-
tory licking responses of normally very hungry animals differed from
those given high stimulation currents in that the licking of the brain-
stimulated animals was greatly exaggerated.
Such observations as the above agree with Morgane's (1961) sugges-
tion that motivational systems lie in the medial part of the lateral
hypothalamus, while systems related to the motor aspects of feeding lie
in the more lateral hypothalamus. Higher current intensities would
have the effect of stimulating the medial area as well as more lateral
hypothalamic areas. This suggests that the increase in quinine toler-
ance with higher current intensities is not due to increases in moti-
vation, but rather it is due to the elicitation of the stereotyped
motor responses of chewing and biting.
Perera and Glusman (1968) in one aspect of an experiment dealing
with conditioned suppression of eating motivated by ESDI examined lick-
ing behavior for various concentrations of saccharin, dextrose, and a
nutritive substance (Metrecal) . In all cases, more responding was ob-
served for the higher concentrations of these substances. For the
concentrations used, saccharin was preferred at least as much as the
dextrose and the Metrecal. Water did not produce any licking except
for occassional sampling of the fluid. These results were interpreted
as showing the ESDI's effect is not one of facilitating the motor as-
pects of licking; rather the stimulation seemed to potentiate the
7reinforcing value of certain sweet reinforcers, it is curious that
saccharin was preferred as much as the two nutritive substances. This
result would not be predicted by any theory which attributes to ESLH
the properties of producing a drive state of hunger.
More recent work by Phillips and Mogenson (1963) confirms the no-
tion that ESLH animals are sensitive to taste factors. In intake ex-
periments they found that saccharin markedly elevated the intake of
the ESLH animals, while quinine markedly reduced intake. Unfortunately,
no comparisons were made with the behaviors of deprived or nondeprived
animals in either the Phillips and Mogenson (1968) or the Perera and
Glusman (1968) studies.
- Valenstein, Cox, and Kakolewslci (1968), on the other hand, have
shown clear-cut differences between hypothalami cally motivated drink-
ers and water-deprived animals. They found that rats motivated by
ESLH preferred a hypertonic glucose solution to tap water. The oppo-
site was true of water-deprived animals. In this respect the ESLH
animals resemble subjects on an ad-lib food and water diet. It
should be noted, however, that these same investigators (Valenstein et
al.
,
1968) have shown that the differences between stimulus-bound
eaters and drinkers are not that clear-cut (eaters can become drink-
ers). This result may only be indicative of the arousal of a food
deprivation -like state.
Other noteworthy data comes from Smith and Trowill's (unpublished
data) work on contrast effects. It was demonstrated that animals when
nondeprived and given ESLH show large negative and positive contrast
/8
effects when sucrose solution concentrations are shifted between
12 percent and 32 percent within a session. Apparently, animals moti-
vated by ESLH are quite reactive to the taste quality of the solutions.
A sensitivity to taste similar to that of ESLII eaters and drinkers
has also been observed with chemically-induced eaters and drinkers.
Booth and Quartermain (1965) found that rats eating in response to an
injection of norepinephrine into the lateral hypothalamus consumed
l
more saccharin-treated mash than quinine-treated mash. Likewise,
Gandelman, Panksepp, and Trowill (1968) employing a two-bottle prefer-
ence test procedure showed that carbachol-induced drinkers preferred
sucrose to water while deprivation-induced drinkers preferred water to
sucrose. No differences were seen in one-bottle preference tests.
This evidence suggests that artifically- (electrically- or
chemically-) produced eating and drinking may differ from the hunger
and thirst produced by deprivation. The seemingly pronounced reactiv-
ity to taste produced by these manipulations is reminiscent of the
reports of the sensitivity to taste shown by rats made hyperphagic by
lesions of the VMN (Teitelbaum, 1955). In that report it was demon-
strated that VMN lesioned rats will eat little food that is adulter-
ated with cellulose or quinine even though they overeat when given
unlimited access to their normal diet. Furthermore, the investigations
dealing with recovery from aphagia and adipsia that result from lat-
eral hypothalamic lesions show that sensory factors are crucial here,
too. Teitelbaum and Epstein (1962), for example, reported that later-
I
ally lesioned rats will recover only if given wet, palatable food
/p
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9shortly after the lesion.
A note of caution should be added. Morgane (1961) has shown that
if the lesion destroys the far lateral hypothalamus, eating may never
return. This may be because this area involves systems essential for
the performance of the motor components of consummatory responses.
More convincing evidence for the belief that the behaviors elic-
ited from the hypothalamus are not identical to normal motivational
states comes from the recent work of Valenstein, Cox, and Kakolewski
(1968, 1969). In the first of these reports, Valenstein, et al. (1968)
showed that hypothalamlcally produced behavior can be modified if the
environment does not allow the expression of the originally observed
behavior, i.e., stimulus-bound "eaters" will become stimulus-bound
"drinkers" if food is absent and only water is available. These in-
vestigators also stated in this report that the longer the animals
behaved without switching to another behavior, the more difficult it
was to modify the behavior. In addition, the rats that most readily
switched from one form of behavior to another were the ones that most
reliably showed the original stimulus-bound behavior. These results
would seem to indicate that the ability to modify behavior is largely
dependent on the animal's previous experience while being brain stimu-
lated. The behavior produced does not appear to result from the stimu-
lation of a discrete motivational system that controls eating or drink-
ing behavior.
In a second report, Valenstein, Cox, and Kakolewski (1969) ques-
tion the hypothesis that the behavior that occurs when the animal is
10
given ESLH is at all related to the presence of a natural drive state.
They observed that food and water deprivation did not induce stimulus-
bound eating or drinking from •'negative" (neutral) electrode sites.
An attempt was also made to make the least frequently exhibited
stimulus-bound behavior (eating or drinking) the dominant response pat-
tern through deprivation. A temporary, but by no means permanent,
shift in the relative frequency of the two behaviors was observed. In
summary, it is evident that natural need states only play a minor role,
if any, in the emergence of stimulus-bound behavior.
In the same paper Valenstein, et al. (1969) raised the issue of
whether stimulus-bound motivation resembles natural motivation at all.
In general, the data from a number of observations and small studies
suggested that animals showing stimulus-bound eating do not generalize
along a dimension appropriate to the satisfaction of a need state when
their behavior is modified. For instance, if the food originally con-
summed during stimulus-bound eating is removed, the animals are as apt
to switch to drinking water to the stimulation as they are to consume
another food substance.
Probably the most surprising aspect of the Valenstein, et al.
(1969) report is the emphasis on the stereotyped motor response as the
essential event for reinforcement. This idea, briefly stated, suggests
that the release and performance of certain innate behavior patterns
(eating, drinking, copulating, grooming, gnawing, etc.) is in itself
rewarding. Glickman and Schiff (1967) first proposed this notion as a
more general explanation of reinforcement. ^
/
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To date, no clear explanation exists to explain the motivational
state or states that are elicited by ESLH. The data is somewhat con-
fused by the absence of control groups in many of the studies. Fur-
thermore, most studies have been limited in scope as well as in design
in that they have assumed that animals only eat when they are hungry.
It is the purpose of this dissertation to directly examine the
role of taste in stimulus-bound eating behavior. This line of investi-
gation seems indicated by the few studies that have suggested that ESLH
animals are responsive to taste. The question that has not been di-
rectly raised as yet is whether ESLH animals react more or less to
taste than do their deprived or nondeprived counterparts. An under-
standing of the sensitivation to taste or other incentive variables
might help explain why ESLH elicits feeding, as well as why an animal
might switch from feeding to drinking under the effects of lateral
hypothalamic stimulation.
In addition, the experiments of this dissertation will employ
within subject designs. The subjects of each experiment will be tested
when deprived, when nondeprived, and when stimulated. This is essential
for the evaluation of the effects of ESLH, since' too often in the past
the necessary control groups have been absent and behavior has been
examined in situations in which the behavior of the nonstimulated animal
is not well understood.
Three approaches will be employed to investigate the role of taste
on stimulus-bound eating. First, subjects will be tested using two-
bottle preference tests. These tests will pair a standard saccharin
12
solution with sucrose that is adulterated with various amounts of qui-
r
nine. Licking behavior will be observed during deprived, nondeprived,
and ESLH conditions.
The second approach will attempt a partial replication of the
Tenen and Miller (1964) experiment which examined quinine rejection
thresholds in ESLH rats. However, instrumental bar-pressing behavior
for the quinine adultered solutions will also be examined.
Finally, subjects that have had extensive experience drinking from
drinking tubes will be tested to see how quickly they can switch from
responding on an empty tube to eating palatable wet mash from a dish.
This experimental design is quite similar to that used by Valenstein,
et al. (1969) except that the effects of deprivation on the ability to
switch from a well-learned response to a new one will also be examined.
CHAPTER II
EXPERIMENT 1
It is a well-established principle that animals regulate their
intake of foods to maintain a constant energy balance. On ad-libitum
feeding schedules, animals can maintain a constant body weight and ad-
just their intake according to the content of their diet (Coghill,
1928; Janowitz and Grossman, 1949). Adolf (1947) has concluded that
"within limits, rats eat for calories." (p. 113)
On the other hand, other investigators (Young, 1961) have concluded
that energy deficits potentiate taste in general in the same way that an
adrenalectomy can potentiate taste for salt in salt preference studies
(Richter, 1939). Furthermore, within limits, taste is potentiated
regardless of nutrients or deficit relief (Richter, 1947; Katz, 1948;
Jacobs, 1967). For instance, Le Magnen (.1967) has reported that food
deprivation potentiated .037 percent saccharin intake in a two-bottle
preference test with water more than it potentiated 5 percent sucrose
intake in a similar two-bottle test. Presumably, the sweeter substance
\
(saccharin) was potentiated the most.
These positions are not necessarily contradictory, since saccharin
is easily confused with other nutritional sweet substances (Smith and
Capretta, 1956). Furthermore, the experimental designs used to arrive
14
at these conclusions differ. In the first case, the foods were usually
offered as the only source of intake and the behavior was examined over
day-long periods which would allow for learning and long-term post-
ingestional effects to play an important role. In the second case,
animals were usually tested in short, two—choice preference situations.
This experiment is designed to look at both of these hypothesized
effects of deprivation—taste enhancement and homeostatic requirements
for calories. Specifically, a standard saccharin solution will be
paired with a nutritive sucrose solution adulterated with various
amounts of quinine. It is hypothesized that if deprivation creates a
need for calories, the subjects will consume relatively more of the
sucrose at each level of quinine adulteration than they would when not
deprived. Likewise, if ESLH’s effect is one of enhancing the animals'
need for calories, then it too should increase sucrose intake relative
to saccharin intake.
On the other hand, if deprivation or ESLH's effect is one of mak-
ing the animal more sensitive to taste than when sucrose is the pre-
ferred solution (sweeter)
,
it should be consumed in larger quantities
relative to the intake in the nondeprived condition. Likewise, when
saccharin is the preferred solution relative to a paired quinine
adulterated sucrose solution, then the animals when deprived should
consume more saccharin than when nondeprived. ESLH should have the
same effect. _
15
I . METHOD
Subjects
Ten male Charles River albino rats were selected from a larger
group of rats (N=30) that were stereotaxically implanted with electrodes
aimed at the lateral hypothalamus. Each of these animals showed either
stimulus-bound eating, gnawing, or drinking during initial screening.
All animals were approximately 100 days old at the time of implantation.
The rats were housed individually under constant lighting conditions
and given free access to food (Purina Lab Chow)
,
and water, except on
those days designated by the experimental design.
Surgery-histology
The rats were anesthetized with nembutal anesthesia (AO mg. /kg.)
and implanted bilaterally with stainless steel monopolar electrodes
(Miller, Coons, Lewis, and Jensen, 1961) insulated with Insul-X, except
for the tip. The electrodes were aimed at an area dorsolateral to the
hypothalamic fornix. Krieg (1946) stereotaxic coordinates were used.
They were ,08mm posterior to bregma, 1.6mm to the left and right of
midline, and 8.6mm below brain top. The mouth bar was set 3.1mm above
the intra-aural line. A jeweler’s screw attached to the skull served
as the ground electrode. The electrodes were secured to the skull with
stainless steel screws and Cranio-plastic cement (William Getz Co.,
Chicago, Illinois).
On the completion of the experiment, the subjects were sacrificed
with an overdose of nembutal anesthesia and perfused with physiological
16
saline and 10 percent formalin. The brain:; were then frozen and 30u
sections were cut through the extent of the electrode tract. Every
fifth section was stained with cresyl violet and mounted on a slide.
Apparatus
The rats were tested in a 12- by 12- by 18-inch high fiber board
box. Two holes, each one inch in diameter, were cut for the access of
the drinking tubes. The holes were situated four inches apart, and
two inches above the floor, in the center of the front wall of the box.
The test chamber was placed in a closet prepared for sound attenuation.
Temperature was maintained at a constant 72 degrees to 75 degrees F. by
the air conditioning system. A fan provided for the circulation of air
within the closet as well as for a source of masking noise.
Two drinkometer circuits (Grason Stadler, Model Nos. E4690A-1,
E4690A-2) were employed in this two-bottle preference test. Licks were
recorded when the rats completed a circuit between the wire mesh floor
and the stainless steel drinking tubes. Standard ring clamps and ring
stands were employed to hold each of the bottles in place. The drink-
ing tubes were recessed one-eighth inch within the drinking holes to
prevent the rats from making constant contact.
The electrical brain stimulation was provided by a step-down
transformer operated from a 110 volt A. C. line. The current was regu-
lated by an A. C. micropotentiometer that served as a voltage divider
and was monitored by an A. C. microammeter in seires with the rat. A
mercury swivel (Scientific Prototype Mfg. Co., Model No. MC4) provided
17
maximum mobility for the rat during brain stimulation sessions. Stand-
ard electromechanical programming equipment was used to monitor and
record the stimulus and response contingencies of the experiment.
Test solutions were prepared by adding reagent grade quinine sul-
fate to a standard 8 percent by weight sucrose solution (80gm. sucrose/
920gm. tap water). The following amounts of quinine were added to
lOOgm. lots of the 8 percent sucrose solution:
1. sucrose and no quinine
2. sucrose and .0002gm. quinine
3. sucrose and .0006gm. quinine
4. sucrose and ,0018gm. quinine
5. sucrose and . 0054gm. quinine
6. sucrose and ,0162gm. quinine
7. sucrose and .0324gm. quinine
Previous work by Young and Trafton (1964)
,
plus pilot work, determined
the choice of these solutions. In addition to the sucrose solutions,
a .25 percent saccharin solution was prepared.
All of the sucrose solutions were refrigerated to prevent spoilage.
Before testing, all solutions were warmed to room temperature.
Procedure
Screening and licking training . After a seven-day postoperative
recovery period during which the rats had free access to food and water,
all of the animals were screened. The screening procedure consisted of
testing the rats in the experimental chamber in the presence of Purina
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rat pellets, a wood block, and a drinking tube filled with tap water.
The stimulation current was increased from zero in 5 microamp. steps
until stimulus-bound drinking, eating, or gnawing was observed or
until stimulation became aversive. The stimulus was judged to be
aversive whenever the subjects tried to escape from the box or when
seizure activity occurred. During this procedure, the current was
turned on manually, but it was never left on for more than 60 seconds.
After the first observation of stimulus-bound behavior, each animal
was given ten 60-second test trials. On each trial the behavior or
behaviors that occurred were recorded.
Immediately following screening, all of the rats that showed a
stimulus-bound behavior were tested to see if their behavior could be
switched to stimulus-bound drinking of sucrose. With only sucrose
available in the test chamber, the animals were subjected to one-
minuted periods of brain stimulation at the intensities at which they
first showed stimulus-bound behavior. A 30-second inter-trial inter-
val (ITI) was employed. A low level of brain stimulation that
elicited consistent drinking on every trial was selected for each
rat after 30 additional one-minute drinking trials using ESLH. All
subjects that switched their behavior were designated as the experi-
mental animals.
Additional drinking training in the test chamber followed. Every
other day, for a 16-day period, the subjects were randomly assigned
to one of the four training conditions. During each training day,
each rat experienced a situation in which drinking could occur
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without brain stimulation and a situation in which drinking was elici-
ted by ESLH. Each training segment consisted of 12 minutes of drink-
ing tube availability. In the brain stimulation segment, brain stimu-
lation was turned on for two minutes and turned off for 30 seconds be-
fore coming on again for the next two minutes.
In summary, each rat was given training experience four times
(twice using ESLH and twice without it) with each of the four condi-
tions. On any training day, the rats had one test with brain stimu-
lation and one without it. The following are the training conditions
employed:
1. 24 hours deprivation—8 percent sucrose available
2. 24 hours deprivation— .25 percent saccharin available
3. 0 hours deprivation— 8 percent sucrose available
_
4. 0 hours deprivation— .25 percent saccharin available
If the animal drank exclusively from one of the two tubes, that
tube was removed for the last three 2-minute periods of each training
segment. This procedure was used to help prevent the development of
position preferences.
Testing . As in the training period, animals were tested on alter-
nate days. Testing on alternate days allowed random assignment of
subjects to days of deprivation or nondeprivation without subjecting
any of the rats to prolonged deprivation periods. On a test day,
the subjects were tested in the morning when deprived or nondeprived
and then they were given free access to food and water for the
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remainder of the day. On the following morning the food was removed
from the cages of the rats that were to be tested under deprivation
conditions the following day.
Each testing day included a test with and without brain stimula-
tion. Test duration and the presentation of the brain stimulation
remained as it had been during the training sessions.
The rats were all randomly exposed to seven different two-bottle
preference tests. They were exposed to each test twice, once when
24 hours deprived and once when 0 hours deprived. Each preference
test differed in that a different quinine and sucrose solution was
matched with the standard .25 percent saccharin solution. Bottle
position was randomly varied for each session. In addition, bottle
position was switched half way through each testing session.
II. RESULTS
Histology
Figure 1 presents a summary of the brain areas from which stimulus-
bound behavior was elicited. Behavior was elicited from electrodes
whose tips were located dorsolateral to the fornix and the MTT. For the
most part, the electrodes were located within the lateral hypothalamus
or the zona incerta. The obtained sites for stimulus-bound eating are
similar to those that have been previously reported (Valenstein, et al. ,
1968).
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FIGURE 1
EXPERIMENTS 1 AND 2, SUMMARY OF THE HISTOLOGY
I
.
•
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Screening
The initial observations of the behaviors elicited by brain stim-
ulation in the ten experimental subjects of the first study revealed
that the most typically observed behavior was the eating of food pel-
lets (Table I). Drinking was recorded once. It is noteworthy that
gnawing (biting the wood block, the wire floor, or other parts of the
box) was observed in all but two subjects. A single behavior was only
observed in three of the ten subjects.
All of the rats rapidly switched their behaviors from the ini-
tially observed behavior to sucrose drinking. Switching was somewhat
more rapid than the average time of two hours that has been reported
by Valenstein, et al.- (1969) for the accomplishment of this process.
Testing
Figures 2 and 3 present curves indicating the relative intake of
.25 percent sodium saccharin solution and 8 percent sucrose solution
' /
for the various two-bottle preference tests. It is apparent from the
statistical analysis (Table II) that the 8 percent sucrose was greatly
preferred over the .25 percent saccharin solution (F= 49.60, P <.0001)
and that both ESLH (F - 29.46, P <.0001) and deprivation (F = 16.27,
P <.0005) increased intake. Also licking of sucrose increased signifi-
\
cantly more than licking of saccharin under deprivation conditions
(F = 6.76, P < .05) . Additionally, there was a significant interaction
between the effects of deprivation and brain stimulation (F = 16.75,
P < . 005) . Apparently, deprivation increased licking more markedly
TABLE I
EXPERIMENT I
BEHAVIORS OBSERVED ON THE INITIAL SCREENING TRIALS
Subject
No. 1 2
Trials (60 seconds)
3 4 5 6 7 8 9 10
77 E E E E E E,G E E E E
75 G E,G G G G G G G G G
54 E,G E,G E,G G G,D G,E G,E G,E G,E G
63 G G G G G G G G G G
76 E E E E E E E E E E
78 E E E E E E E E E E
79 E E E E E,G E E E E E
73 G G G G G G G G G G
84 E E,G E E E E E E E,G E
86 G,E E G,E E E E E E E E
E = Eating behavior
G = Gnawing behavior
D *= Drinking behavior
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- EXPERIMENT 1
LICKING RESPONSES IN TWO-BOTTLE PREFERENCE TESTS FOR THE .25 PERCENT
SACCHARIN AND 8 PERCENT SUCROSE SOLUTIONS SHOWING THE EFFECTS
OF QUININE ADULTERATION OF THE SUCROSE ON THE
.. INTAKE OF NONDEPRIVED ANIMALS
/
'J
25
GRAMS, OF QUININE IN THE 8* SUCROSE SOLUTION
FIGURE 3
EXPERIMENT 1
RESPONSES IN TWO-BOTTLE PREFERENCE TESTS FOR .25 PERCENT SACCHARIN
AND 8 PERCENT SUCROSE SOLUTIONS SHOWING THE EFFECTS OF QUININE
ADULTERATION OF THE SUCROSE ON THE INTAKE OF DEPRIVED ANIMALS
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TABLE II
EXPERIMENT I
SUMMARY TABLE OF SELECTED TERMS OF
THE ANALYSIS OF VARIANCE
Source of Variance df F-Ratios
P (7 two-bottle tests) 6/54 19.23*
F (Sucrose-Saccharin) 1/9 49.60*
M (ESLH-no ESLH) 1/9 29.46*
D (Deprivation-no deprivation) 1/9 16.27**
T (Trials) 5/45 3.81***
PF 6/54 32.66*
PM 6/54 2.03 N.S
.
PD 6/54 5.11*
FM 1/9 0.21 N.S.
MD 1/9 16.75****
FD 1/9 6.76*****
PFM 6/54 1.57 N.S.
PFD 6/54 7.61*
FMD 1/9 10.47****
PFMD 6/54 1.60 N.S.
)
Significance levels
* .0001
**
.0005
***
.001
****
.01
*****
.05
/
/
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when the rats were unstimulated. ESLH did not appear to differentially
affect the intakes of sucrose or saccharin as deprivation did.
In summary, both brain stimulation and deprivation increased in-
take. However, the increased drinking that resulted from the ESLH was
most evident in the nondeprived condition. This may be due to a ceil-
ing effect. In other words, maximum licking for both sucrose and
saccharin occurred when deprivation and ESLH were combined; but ESLH
had its greatest effect on increasing licking when it was not combined
with deprivation.
Figure 4 shows that the adulteration of the sucrose with increas-
ing amounts of quinine resulted in a decrease in the number of licks
for the sucrose and that this effect was accompanied by increased lick-
ing for the paired saccharin solution (F = 32.66, P<.0001). Also the
deprivation condition altered the relative intake of saccharin and
sucrose for the different two-bottle comparisons (F = 7.61, P<.0001).
In the tests in which sucrose was either not adulterated or only
slightly adulterated with quinine (.0002gm. /100ml.— . 0006gm. /100ml. )
,
the deprived animals took in relatively more sucrose and less saccharin
than in the nondeprived condition. With more moderate levels of qui-
nine adulteration (.0018gm., .0054gm.), the animals when deprived con-
sumed more of both the saccharin and sucrose than "they did when non-
/
deprived. With the most severe levels of quinine adulteration
(. 0162gra. , ,0324gm. ) , the deprived animals took in relatively more
saccharin and less sucrose when compared with the nondeprived condi-
tion. These trends were not altered or accentuated by ESLH.
28
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III. DISCUSSION
The objective of this experiment was to assess the roles played
by deprivation and ESLH on influencing reactivity to taste and the
need for calories. The picture is quite clear. Deprivation both en-
hances taste sensitivity in short-term tests, such as those used in
this experiment, and it also creates a need for calories that is seen
in increased consummatory behavior for sucrose that is moderately
adulterated with quinine.
Another conclusion that is indicated by the data is that ESLH
does not appear to produce a state that is entirely like the need
state that results from food deprivation. ESLH had no effect on fur-
ther- increasing the intake of sucrose relative to saccharin as did
the deprivation condition; nor did it make the animals more reactive
to the sweet qualities of the reinforcement when one of the solutions
was considerably more palatable than the other. Nevertheless, the
brain stimulation did increase overall intake.
A preliminary proposal, which will be discussed later, is that
brain stimulation elicits well-integrated patterns of consummatory
behavior. When evoked, these organized motor patterns are not re-
lated to the induction of a need (hunger) state.
In addition to the above-mentioned results, it is also note-
worthy that the Valenstein, et al. (1968) finding of the modifiability
of ESLH behaviors was generally replicated. However, the switching
took place much more rapidly. Procedural differences most likely
'
.
1
)
• /
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produced this effect. In this experiment, unlike Valenstein’ s , sucrose,
a very palatable substance, was present in the drinking tubes rather
than just water. Furthermore, the experimenter found that shaking
the sucrose solution on the snouts of the rats when they were near the
drinking tubes often induced immediate licking for sucrose.
/
CHAPTER III
EXPERIMENT 2
Valenstein, Cox, and Kakolewski (1969) have shown that when the
behavior of a brain-stimulated animal is switched from one reponse to
another, the animals do not necessarily display a new stimulus-bound
behavior that is appropriate to the satisfaction of the need that
supposedly produced the original behavior. For example, animals that
originally drank from a drinking tube switched to stimulus-bound eat-
ing rather than to stimulus-bound drinking from a water dish when the
drinking tube was removed. ESLH rats will also persist in licking an
empty tube from which they drank water during previous ESLH trials.
Thirsty animals apparently do not display either of these behaviors.
Valenstein, et al. (1969) have not directly considered the
hypothesis that the persistent behavior of the brain-stimulated ani-
mal could be due to its extensive experience of responding within a
specific stimulus situation. They have only suggested that the motor
aspects of the response are dominant over sensory input (taste) or
ingestional feedback effects. It is possible, however, that experi-
ence plays a crucial role. For instance, animals easily develop
position habits that interfere with choice behavior (Sheffield and
Roby, 1950). Likewise, naturalists know that animals in the wild
32
often demonstrate feeding position habits (LeMagnen, 1967).
This experiment makes a direct test of this hypothesis. Specifi-
cally, rats that have had extensive experience licking sucrose and
saccharine from drinking tubes during periods with and without brain
stimulation will be tested to see if this experience influences the
ability to switch from the former response of tube licking to a new
response. To do this, the animals will be presented with empty drink
-
ing tubes and a dish of wet mash. The number of responses on the
empty tubes will be recorded.
I . METHOD
Subj ects and Apparatus
Eight subjects from Study 1 were used in this experiment. Like-
wise, the test chamber and programming equipment that were used in
Experiment 1 were used here.
Procedure
This experiment began the day after, the completion of Experiment
1. The behavior of each of the subjects was investigated on two sepa-
rate test days. Test days were spaced two days apart to allow for the
control of the deprivation conditions. On one of the days the rat’s
behavior was examined during a period of continuous brain stimulation.
Two levels (high and low) of brain stimulation were used. On the rat’s
other test day his behavior was recorded while he was either 48 hours
or 24 hours deprived. One subject was assigned to each of the eight
33
possible testing sequences:
1. a. high ESLH—b. 48 hours 'deprivation
2. a. 48 hours deprivation—b. high ESLH
3. a. high ESLH—b. 24 hours deprivation
4. a. 24 hours deprivation—b. high ESLH
5. a. 24 hours deprivation—b. low ESLH
6. a. low ESLH—b. 24 hours deprivation
7. a. low ESLH—b. 48 hours deprivation
8. a. 48 hours deprivation—b. low ESLH
Behavior was examined for five-minute periods. Within the test
chamber, two empty drinking tubes were located in the holes provided
for their access. A dish with 20 grams of wet mash was placed between
the two drinking tubes. A drinkometer circuit (Grason Stadler, Model
Nos. E4690A-1, E4690A-2) was again employed to record discrete lick-
*
ing responses.
At the beginning of each test a metal barrier separated the sub-
jects from the wet mash and the drinking tubes. Testing started when
this barrier was manually removed. In the ESLH conditions, the brain
stimulation was started at the same time the barrier was removed. The
stimulation was on continuously for five minutes. Minute by minute
counts of the responses on the empty tubes were recorded on Sudeco
counters. In addition, the amount of wet mash consumed and the latency
to take the first bit of the mash were recorded.
34
II. RESULTS
Table III presents the results from this study. Neither depriva-
tion nor the previous experience of licking in this situation produced
responding on the empty tubes. In the ESLH condition the rats per-
sisted in responding to the empty tubes despite the fact that food was
readily available in the food cup. Sign tests (Siegal, 1956) demon-
strated significant differences between the brain stimulation condi-
tions and both deprivation conditions (P<.01). No significant differ-
ences were observed for the comparisons between the high and low ESLII
conditions or between the 48 hour and 24 hour deprivation conditions.
Measures of the latency to the first bite of food and the number
of grams of wet mash consumed proved to be unreliable. Typically, the
ESLH condition produced quite variable and often short latencies for
the eating of the wet mash. However, under ESLH the animals quickly
abandoned the mash and began to lick from the empty tubes. The sub-
jects also often switched their responding from one tube to another.
A good deal of searching and other extraneous behavior accompanied the
discovery of the empty tubes. After several minutes of ESLH, most of
the brain stimulation subjects eventually began to consistently consume
the mash.
x.
With ESLH, the animals' initial eating responses for the wet mash
were quite diffuse and not well integrated. After some experience, the
animals appeared to be less activated and the food was consumed less
ravenously. The amounts of food consumed by the brain-stimulated
/
TABLE III
EXPERIMENT 2
LICKING RESPONSES ON EMPTY TUBES
High Brain Stimulation
Trials 1 2 3 4 5
31 52 32 37 0
67 35 28 0 6
35 26 8 11 1
32 26 2 3 0
totals 165 139 70 51 7
Low Brain Stimulation
Trials 1 2 3 4 5
116 143 142 139 102
21 11 13 5 0
15 19 8 5 2
8 8 4 11 0
totals 160 181 167 160 104
48 Hours Deprivation
Trials 1 2 3 4 5
0 0 0 0 0
2 0 1 0 0
0 0 0 0 0
2 0 0 0 0
totals 4 0 1 0 0
24 Hours Deprivation
Trials 1 2 3 4 5
0 0 0 6 0
0 0 1 0 0
6 0 0 1 1
1 0 0 0 0
totals 7 0 1 7 1
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animals also proved to be an unreliable measure because a good deal of
the food was scattered by the animals.
III. DISCUSSION
Valenstein, et al s. (1969) report that ESLH animals continue to
respond to an empty tube if they have previously performed this re-
sponse during brain stimulation was essentially replicated. The rea-
sons for this unusual behavior are open for further experimentation,
since this experiment demonstrated that experience plays only a small
role, if any, in influencing the hungry animal to lick from an empty
tube that formerly contained food. It was the author's opinion that
the animals when not stimulated were able to use their sense of smell
to detect the absence of solutions within the tubes. This would ac-
count for the fact that half of the animals when not stimulated never
licked the drinking tubes.
It seems unlikely, then, that experience plays a crucial role in
the same animal when it is brain stimulated. Rather there appear to
be basic differences between deprivation and ESLH conditions.
r>
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CHAPTER IV
EXPERIMENT 3
.Tenen and Miller (1964) have shown that animals given ESLH will
lick quinine-adulterated milk solutions that they will not lick when
they are as much as 84 hours food deprived. They concluded that ESLH
produces a state similar to hunger, since higher intensities of brain
stimulation induced animals to drink the more concentrated quinine-
adulterated milk solutions than did the lower intensities. Depriva-
tion had the same effect.
• This study will attempt to generally replicate the Tenen and
Miller's (1964) experiment. However, several improvements on their
experimental design will be introduced to better assess the role of
taste in stimulus-bound eating.
The major change in experimental design is that this investigation
will examine instrumental bar-pressing behavior as well as consummatory
behavior. This should be a more sensitive indicator of motivation
(Miller, 1956).
\ A second major improvement on their experimental design will be
the random exposure of the subjects to the various stimulus conditions.
Unfortunately, Tenen and Miller (1964) did not randomize the exposure
of their animals to the testing conditions with and without brain
stimulation. Therefore, their comparisons of the intakes of the animals
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motivated by ESLH with the intakes of the same animals when deprived
are biased by the fact that all animals were first tested in the brain
stimulation condition.
Finally, licking is to be recorded rather than the more gross
measure of which quinine and milk concentration elicited five or more
seconds of drinking. It is felt that examination of licking will also
allow for a more sensitive analysis of the behavior.
I . METHOD
Subj ects
Eight male Holtzman albino rats were chosen from a larger group
of 25 rats that were bilaterally implanted with .023-inch diameter
monopolar electrodes insulated except at their tips. These rats when
stimulated exhibited either stimulus-bound eating, gnawing, or drink-
ing. The rats were approximately 120 days old at the time of implan-
tation. The rats were housed in individual cages under constant light-
ing conditions and were given free access to food and water except
when the procedure indicated food deprivation.
Surgery and Histology
The surgical and histological procedures were identical to those
employed in Experiment 1.
Apparatus ^
Experimental chamber
.
The subjects were tested in an 11- by 11-
/
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by 18-inch high fiber board box. A retractable lever was mounted one
inch above the wire mesh floor in the center of the front wall of the
box. In a corner adjacent to the lever, a 1- by ^-inch hole was cut
to allow delivery of the drinking tubes
.
jvLectro-mechani cal equipment . Drinking tubes were attached to a
stepping carousel device that allowed for the rotation of different
botjtles into position within the box. A small synchronous motor ro-
tated the carousel. The carousel and motor were mounted on a trolley
that could be moved backward and forward by a cam-motor (BCS Machine
and Mfg. Co.). Thus bottles with different solutions could be ro-
tated into position and each bottle's presence within the box could
be made contingent on bar-pressing or on the designated experimental
condition. Standard electro-mechanical programming devices were used
to control and monitor this device as well as the other stimulus and
response events of the experiment.
The drinking tubes were inserted into a corner of the box to the
left of the bar. The tubes were approximately two inches above the
floor when within the experimental chamber.
Lick rate was recorded using a drinkometer circuit (Grason Stadler,
Model Nos. E4690A-1, E4690A-2) . A lick was recorded whenever the rat
completed a circuit between the stainless steel drinking tube and the
metal floor. The output from the drinkometer was connected to a multi-
vibrating pulse former (Grason Stadler, Model No. E783F) that was al-
tered to emit discrete pulses at a rate of seven pulses per second
AO
(the average rate at which rats lick [Bolles, 1967]) if constant
contact was maintained between the floor and the drinking tubes.
Otherwise, the pulseformer emitted discrete pulses with each contact.
Sudeco counters were used to count the licks.
Activity produced by the brain-stimulation was measured in an
8- by 8- by 12-inch high fiber board box. The box was balanced on a
jiggle platform (Lehigh Valley, Model No. 1547).
Test solutions
. Milk was prepared by adding 3ml. of tap water
to every 7ml. of Pet evaporated milk. To this solution, reagent
grade quinine sulfate was added. Solutions were kept at room tem-
perature (72 degrees to 75 degrees F.) during the testing session.
Constant room temperature, as well as sound masking, was provided by
the air conditioning system.
Stimulator . The electrical brain stimulation was provided by a
step-down transformer operated from a 110 volt A. C. line. The cur-
rent was regulated by an A. C. micropotentiometer that served as a
voltage divider and was monitored by an A. C. microammeter in series
with the rat.
Procedure
Screening . All of the subjects were screened and switched to
milk drinking in the same manner as used in Experiment 1. Immedi-
ately following screening, all of the rats that showed stimulus-
bound behavior were given tests to see if their behaviors could be
/
/
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switched. With only one bottle containing milk in the test chamber,
animals were subjected to one-minute periods of brain stimulation at
the intensities at which they first showed stimulus-bound behavior. A
30-second ITI was employed.
After the animals were switched they were given additional ESLH
licking training. Finally, each animal was given tests to determine
the range of stimulation at which stimulus-bound milk drinking would
occur. High, medium, and low intensities eliciting consistent
stimulus-bound milk drinking were selected. Four critera based on
extensive experience with pilot subjects governed the choice of these
intensities: (1) The low intensity was the lowest that yielded stimulus-
bound drinking on every trial, (2) The high intensity was high enough
to produce agitation without eliminating consistent drinking, (3) The
middle intensity lay equidistant between the high and low intensities,
(4) The amount of activity associated with stimulation. The activity
of each animal elicited by the three intensities of ESLH used in this
study was measured by exposing the subjects to the three intensities
for a minute duration apiece, first in an ascending order of presenta-
tion and then in a descending order. A 30-second interval intervened
between each stimulation period. In addition, activity one minute
before and one minute after the administration of the series of ESLH
presentations was also recorded.
Bar-press training . All rats were given bar-press training. The
animals were placed on a 22-hour food deprivation schedule and were
/
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shaped to bar-press for a five-second presentation of the bottle con-
taining milk. The bar was only present in the box during alternate
one-minute periods. In addition, the bar was retracted while the
drinking tube was present in the box. Each animal was trained to bar-
press on a fixed ratio-2 (FR-2) schedule of reinforcement. Training
was accomplished during a single day. On the following day an addi-
tional hour of bar-press training was administered. The subjects were
then given ad-lib food and water and on the following day further bar-
press training was administered. However, all subjects were motivated
by ESLI1 rather than by food deprivation. After an initial few shaping
trials, all of the subjects performed the bar-pressing response during
ESLH periods. The stimulation duration was 60 seconds with a 60-second
ITI. The bar was again retracted during the ITI and during the five
seconds of each reinforcement.
Further training and testing procedure . After an additional hour
of FR-2 responding motivated by electrical brain stimulation, the sub-
jects were given eight days of further training which duplicated the
eventual testing procedure. The only difference between the further
training and the testing was that quinine was never p ^ 'ent in the
milk during the training sessions.
Every third day for a period of 24 days each rc randomly
assigned to one of the following conditions:
/
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Response Motivation
1 . FR-2 bar pressing - High, medium, low ESLH
No deprivation
2. FR-2 bar pressing - No deprivation
3. FR-2 bar pressing 24 hours deprivation
4. FR-2 bar pressing 48 hours deprivation
5. licking - High, medium, low ESLH
No deprivation
6. licking - No deprivation
7. licking 24 hours deprivation
8. licking - 48 hours deprivation
Experience on every third day allowed the random assignment of
subjects to the different deprivation conditions without subjecting
any of the rats to prolonged periods of deprivation.
In the bar pressing situation, the rats were required to bar press
on a FR-2 reinforcement schedule for five-second presentations of milk
reinforcement. A discrete trials procedure was employed. The bar was
present in the box for one-minute periods and was retracted for alter-
nate minutes. The bar was in the box for a total of eight minutes. In
the brain stimulation condition, the current was turned on for the
minutes that the bar was presented. Both bar-pressing and licking
behavior for the five-second presentations of reinforcement were re-
corded in this condition.
The licking response condition differed in that the drinking tube
was always present within the box during alternate one-minute periods.
Again, each session consisted of eight discrete trials. Brain stimu-
lation was delivered when the tube was in the test chamber during those
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sessions when the effects of ESLH were examined.
Except in the brain stimulation condition, only one 8-minute test
was administered per day. On brain stimulation test days, three tests
were given: once each under high, medium, and low stimulus intensi-
ties. The order of the presentation of the tests between and within
days was randomized individually for each rat. All the animals were
tested under all the stimulus conditions.
The testing procedure differed from the training procedure in
that on each successive minute of the test a milk solution containing
a higher concentration of quinine sulfate was presented rather than
just presenting milk without quinine throughout the entire session.
The following amounts of quinine were mixed with the milk:
1. none
2. .0025gm. /100ml.
3. .005gm. /100ml.
4. . Olgm. /100ml.
5. ,02gm. /100ml.
6. ,04gm. /100ml.
7. . 08gm. /100ml.
8. . 16gm. /100ml.
These concentrations were selected in part to examine the range
of quinine and milk concentrations used by Tenen and Miller (1964)
.
However, the concentrations selected were generally lower, since the
interest of this experiment was not the rejection threshold, but the
relative changes in the amount of licking behavior with the presenta-
tion of increasingly bitter solutions.
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II. RESULTS
Screening
The initial observations of the behaviors elicited by brain
stimulation in the eight experimental subjects of this study revealed
that the most typical behavior observed was eating (Table IV) . How-
ever, it is noteworthy that gnawing was typically observed along with
the eating. Only one of the rats showed eating without gnawing. Two
of the eight rats drank. In both of these cases gnawing was also ob-
served. One animal showed only gnawing when stimulated.
All of the subjects rapidly switched their behaviors from the
initially observed behavior to milk drinking. As in Experiment 1,
the switching time was shorter than the times reported for switching
by other investigators (Valenstein, et al.
,
1969). This may be the
result of the presence of a highly palatable food (milk) . In two of
the eight subjects, switching was retarded because an unexpected re-
sponse developed: "stimulus-bound 'tail biting." These subjects
switched their behavior to milk drinking after their tails were taped
behind them. Despite the rapid adoption of the new response, gnawing,
especially at high intensities, was a frequently observed alternate
response.
The three current intensities selected for each rat were partly
based on increased activity associated with the higher intensities of
stimulation. Brain stimulation produced significant increases in
activity as compared with the no brain stimulation conditions except
/
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TABLE IV
EXPERIMENT 3
BEHAVIORS OBSERVED ON THE INITIAL SCREENING TRIALS
Subject
No. 1 2
Trials (60
3 4
seconds)
5 6 7 8 9 10
31 E E E,G E E E,G E E E E
32 G,D G G,D G,D G G G G G,D G,D
45 E E E E E E E E E E
51 E E E,G E E E E E E E
58 E,G E E,G E G G G E E E
62 G G G G G G G G G G
64 D D D D D D D,G D D D
65 G,E G E E E,G E E E E E
E = Eating behavior
G = Gnawing behavior
D = Drinking behavior
/
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when low stimulus intensities were used (P <
.01, sign test). Table V
presents this date. Likewise, the data show that each successive in-
crease in current intensity, from low to medium to high produced sig-
nificant increases in activity (P < .01) . However, the mean activity
increase was not great.
Histology
1 The histological data is presented in Figure 5. As in Experi-
ment 1, electrodes from which stimulus-bound behaviors were elicited
were located lateral to the MTT and the fornix within the lateral
hypothalamus or zona incerta (ZI). Morgane (1961) has suggested that
fibers from the globus pallidus (GP) that pass through the lateral
hypothalamus are essential for the oral responses of electrically
induced eating. In light of this, it is not surprising that elec-
trodes located within the ZI elicit stimulus-bound behavior since the
ZI also contains GP fiber tracts.
Training
Instrumental response . Data for bar-pressing during training is
presented in Figure 6. It is apparent from the examination of the
figure that responding for milk remains constant for the eight
1-minute trials of observation. This constant responding for the
milk is seen regardless of the motivational conditions.
The most interesting data are the differences between the brain
stimulation and normal (nonbrain stimulation) conditions. First, the
TABLE V
A 8
ACTIVITY SCORES FROM A JIGGLEOMETER PLATFORM
ELICITED. BY HIGH, MEDIUM, AND LOW
INTENSITIES OF ESLH
Current Intensity
Subject No. High Medium Low No ESLH
60ua. 50ua. 40ua.
31 Ascend 128 138 100 42
Descend 145 159 63 116
120ua. 105ua. 90ua.
32 Ascend 89 56 53 28
Descend 96 134 141 71
180ua. 140ua. lOOua.
45 Ascend 167 160 56 136
Descend 209 194 174 183
160ua. 140ua. 120ua.
51 Ascend 88 52 59 37
Descend 84 50 37 61
35ua. 30ua. 25ua.
58 Ascend 118 99 68- 115
Descend 108 127 99 101
105ua. 85ua. 65ua.
62 Ascend 108 104 99 94
Descend 115 109 121 114
160ua. 120ua. 80ua.
64 Ascend 196 151 73 66
Descend 172 130 132 96
140ua. llOua. 80ua.
65 Ascend 168 148 142 159
Descend 152 142 144 131
MEANS
:
133.9 122.0 97.5 85.0
—
/
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statistical analysis demonstrated that more bar-pressing occurred in
the ESLH conditions (F = 6.50, P < .05). Both with ESLH and without
ESLH increases in the level of motivation (either increases in depriva-
tion or increases in current intensity) produced increases in the
amount of instrumental behavior (F = 20.28, P< .0001) (Table VI). What
is most significant are the larger differences observed between the
three motivation conditions of the deprivation situation as compared
with the ESLH condition. A trial by trial analysis (Table VII) of
these differences using the Walsh test (Siegal, 1956) revealed that in
the normal condition responding when 48 hours deprived was signifi-
cantly higher than when 24 hours deprived, which in turn was higher
than when 0 hours deprived. This difference is seen at every trial
point. In contrast, the differences between the three intensities of
brain stimulation are not as marked. There is a tendency for high
stimulation to produce more responding than the medium level of stimu-
lation and for that to induce more responding than the low stimulation
level; however, these differences are significant at only a few trial
points
.
A comparison of the responding produced by ESLH with the respond-
ing with no ESLH demonstrated that low stimulation produced signifi-
cantly more responding (Table VIII) than was observed when the subjects
were nondeprived. Likewise, the medium stimulation level increased
bar-pressing above the level observed when the subjects were nondeprived
(5/8 trials, Table VIII). However, a comparison of the 48-hour depri-
vation condition with the high brain stimulation condition
demonstrated
/
/
TARLE VI
EXPERIMENT 3
SUMMARY OF THE ANALYSIS OF VARIANCE
FOR THE BAR-PRESSING DATA:
TRAINING AND TESTING
TRAINING
Source of Variance df F-Ratios
C (ESLH or no ESLH) 1/7 6.50 ***
T (trials) 7/49 2.40 NS
L(C) (levels of motivation:
H,M,L ESLH or 0,24, or
48 hours deprivation)
4/28 20.28 *
CT 7/49 0.80 NS
LT(C) 28/126 1.13 NS
TESTING
Source of Variance df F-Ratios
C (ESLH or no ESLH) 1/7 18.16 **
T (trials) 7/49 37.16 *
L(C) (levels of motivation:
H,M,L ESLH or 0,24, or .
48 hours deprivation)
4/28 ' 17.14 *
CT 7/49 2.81 ***
LT (C) 28/196 4.07 *
Significance levels: *
**
***
0001
0005
05
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TABLE VII
RESULTS OF WALSH TESTS FOR THE BAR-PRESSING DATA COMPARING
LEVELS OF ESLH INTENSITY AND LEVELS OF DEPRIVATION:
TRAINING AND TESTING
TRIALS
Comparisons
1 2 3 4 5 6 7 8
B.S. train-
ing L-M N.S.
*
M
.027
M
.043
M
.027 N.S. N.S.
M
.043 N.S.
B.S. train-
ing M-H N.S. N.S. N.S.
H
.027 N.S. N.S.
H
.043 N.S.
B.S. train-
ing H-L N.S.
H
.043 N.S.
H
.043 N.S. N.S.
H
.043
H
.008
training
no B.S.
0-24 hrs.
24hr
.
.012
24hr
.
.027
24hr
.
.012
24hr
.
.043
24hr.
.027
24hr.
.008
24hr
.
.027
24hr
.
.012
training
no B.S
.
24-48 hrs.
48hr
.027
48hr
.012
48hr
.027
48hr
.027
48hr
.
.043
48hr
.
.008
48hr
.
.012 N.S.
training
no B.S.
48-0 hrs.
48hr
.
.004
48hr
.
.004
48hr
.
.004
48hr
.
.004
48hr
.
.004
48hr
.
.004
48hr
.004
48hr
.
.004
B.S. test-
ing L-M
M
.043
M
.043 N.S. N.S. N.S. N.S. N.S.
M
.043
B.S. test-
ing H-L
H
.027 N.S. N.S.
H
.027
H
.027
H
.008
H
.008
H
.027
B.S. test-
ing M-H N.S. N.S. N.S. N.S.- N.S.
H
.027 N.S. N.S.
testing
no B.S.
0-24 hrs.
24hr
.
.008
24hr
.
.004
24hr
.
.008
24hr
.
.004
24hr.
.02-7-
24hr
.
- .012 N.S. N.S.
testing
no B.S.
24-48 hrs.
48hr
.012
48hr.
.027
48hr
.012 N.S. N.S. N.S. N.S. N.S.
testing
no B.S.
48-0 hrs.
48hr
.
.004
48hr
.
.004
48hr
.
.004
48hr
.
.008
48hr
.
.008 N.S. N.S. N.S.
* (symbols above probability values
sponding)
B.S. = brain stimulation
N.S. = nonsignificance
indicate condition with more re-
H = high ESLH
M = medium ESLH
L = low ESLH
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TABLE VIII
RESULTS OF WALSH TESTS FOR BAR-PRESSING DATA COMPARING
DEPRIVATION WITH ESLH CONDITIONS
TRIALS 1 2 3 4 5 6 7 8
Comparisons
:
low-0 hrs. L L L L L L L L
training .004 .012 .012 • o u> .008 .004 .008 .012
medium-24 hrs. M M M M M
training N.S. .027 N.S. .027 .012 .043 .027 N.S.
high-48 hrs. H 48hr. H
training .043 N.S. .043 .043 N.S. N.S. N.S. N.S.
low- 2 4 hrs. L L L
training .043 .027 N.S. .043 N.S. N.S. N.S. N.S.
low-48 hrs. 48hr
.
48hr
.
48hr. 48hr
.
48hr.
training N.S. .024 N.S. .027 N.S. .012 .027 .027
low-0 hrs. L L L L L L L L
testing .008 .004 .004 .004 .004 .008 .012 .012
medium-24 hrs. M M M M M M M
testing .027 .012 .012 .012 .027 N.S. .012 .012
high-48 hrs. H H H H H
testing N.S. N.S. N.S. .027 .027 .012 .004 .008
low-48 hrs.
.027testing N.S. N.S. N.S. N.S. .027 .027 .027
N.S. = nonsignificance
H = high brain stimulation
M = medium brain stimulation
L = low brain stimulation
/
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that in general there were few differences between the two conditions.
Consummatory response
.
Licking following bar-pressing
Since the statistical analysis revealed significant differences
(F = 139. 64, P < .0001) (Table IX) between the licking behaviors that
occurred after bar-pressing and the licking that occurred when no in-
strumental response preceded, the conditions will be discussed sepa-
rately.
In general, the data concerning licking after bar-pressing (Fig-
ure 7) demonstrated the same trends that were observed in the bar-
pressing data. High, medium, and low levels of motivation, whether
produced by brai_n stimulation or by deprivation, produced successive
increments in responding. However, the differences between the three
motivation levels of brain stimulation were not as marked as the dif-
ferences produced by the three levels of deprivation (See Table X for
a trial x trial statistical analysis).
Comparisons among the three levels of brain stimulation and the
three levels of deprivation (Table XI) snow that both the medium and
low brain stimulation conditions produced more licking for the milk
than the 24- and 0-hour deprivation conditions. No significant differ-
ences were found between the 48-hour deprived condition and the high
ESLH condition. This would suggest an equivalence of the strength of
/
the motivation.
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TABLE IX
EXPERIMENT 3
SUMMARY OF THE ANALYSIS OF VARIANCE
FOR THE LICKING RESPONSE DATA:
TRAINING AND TESTING
TRAINING
Source of Variance df F-Ratios
R (licking with or without 1/7 139.64 *
preceding bar-pressing)
C (ESLH or no ESLH 1/7 13.20 ***
T (trials) 7/49 6.92
L(C) (levels of motivation: 4/28 53.47 *
H ,M,L ESLH or 0, 24, AS
hours deprivation)
RC 1/7 1.28 NS
RT 7/49 2.53 ****
CT 7/49 1.38 NS
RL(C) 4/28 9.36 *
LT (C) 28/196 3.69 *
RLT(C) 28/196 1,72 ****
TESTING
Source of Variance df F-Ratios
R (licking with or without
preceding bar-pressing) 1/7 16.58 **
C (ESLH or no ESLH) 1/7 7 . 11 ****
T (trials) 7/49 95.94 *
L(C) (levels of motivation: 4/28 24.29 *
H,M,L ESLH or 0, 24, 48
hours deprivation)
RC 1/7 3.07 NS
RT 7/49 18.15 *
CT 7/49 2.33 ****
RL(C) 4/28 1.52 NS
LT (C) 28/196 8.21 *
RLT(C) 28/196 1.35 ****
Significance levels: * = .0001, ** - .0005, *** - .001, *°'*x *05
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TABLE X
RESULTS OF WALSH TESTS FOR THE LICKING DATA COMPARING LEVELS
OF ESLH INTENSITY AND LEVELS OF DEPRIVATION:
TRAINING
TRIALS 1 2 3 4 5 6 7 8
Comparisons:
licking,
B.S. H-M
M
.008
M
.012
M
.008
M
.012
M
.004
M
.004
M
.008
M
.004
licking
,
B.S. H-L
L
.004
L
.004
L
.004
L
.012
L
.012 N.S. N.S. N.S.
licking
B.S. M-L
L
.012 N.S.
L
.012 N.S. N.S.
M
.027
M
.012
M
.008
licking, no
B.S. 48-24 hrs. N.S.
48hr
.
.008
48hr
.
.012
48hr
.
.008
48hr.
.008
48hr
.
.027 N.S.
48hr.
.027
licking, no
B.S. 48-0 hrs.
48hr
.
.012
48hr.
.012
48hr.
.004
48hr.
.004
48hr
.
.004
48hr
.004
48hr
.
.004
48hr.
.004
licking, no
B.S. 0-24 hrs.
24hr.
.027
24hr
.
.027
24hr
.
.012
24hr
.
.027
24hr.
.012
24hr
.
.012
24hr.
.008
24hr
.
.004
bar-press
licking
H-L
H
.027 N.S. N.S.
H
.027 N.S.
H
.025
H
.043
H
.012
bar-press
licking
H-M N.S.
H
.027 N.S.
H
.012 N.S. N.S.
H
.027 N.S.
bar-press
licking
L-M N.S.
M
.012
M
.027
M
.012 N.S.
M
.012 N.S. N.S.
bar-press
licking, no
B.S. 48-0 hrs.
48hr.
.012
48hr
.
.012
48hr
.
.004
48hr.
.004
48hr.
.004
48hr
.
.004
48hr.
.004
48hr
.
.
.004
bar-press
licking, no
B.S. 0-24 hrs.
24hr
.
.012 N.S.
24hr.
.008 N.S.
24hr.
.004
24hr
.004
24hr.
.012
24hr.
.012
bar-press
licking, no
B.S. 48-24 hrs.
48hr.
.027
48hr.
.012
48hr.
.027
48hr
.
.012
48hr
.
.027
48hr
.
.004
48hr.
.027
48hr.
.027
B.S. = brain stimulation (ESLH)
N.S. = nonsignificance
H high ESLH
M = medium ESLH
L = low ESLH
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TABLE XI
RESULTS OF WALSH TESTS FOR THE LICKING
BEHAVIOR COMPARING DEPRIVATION WITH
ESLH CONDITIONS : TRAINING
TRIALS 1 2 3 4 5 6 7 8
COMPARISON
:
Licking
48 hrs.-II
48 hr
.023
48 hr
.008
48 hr
.008
48 hr
.008
48 hr
.008
48 hr
.003
48 hr
.023
48 hr
.023
Licking
24 hrs.-M N.S. N.S.
M
.023
M
.008
M
.055 N.S. N.S.
M
.055
Licking
0 hrs.-L
L
.016
L
.023
L
.008
L
.016
L
.016
L
.008
L
.008
L
.008
Bar-press
Licking
48 hrs.-H N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
Bar-press
Licking
24 hrs.-M
M
.023
M
.023 N.S.
M
.023
M
.055 N.S.
M
.023
M
.023
Bar-press
Licking
0 hrs.-L
L
.008
L
.012
L
.023
L
.023
L
.023
L
.008
L
.008
L
.016
H = High ESLH
M = Medium ESLH
L = Low ESLH
N.S. = Nonsignificance
/
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Licking—no instrumental response
Figure 8 presents the training data for the licking without an
instrumental response. It is apparent there that the licking behavior
in the 0-hour deprived condition and the low stimulation condition
show a decrease in the number of responses in the last five trials
not observed in either the medium or high ESLH conditions or
in the two deprivation conditions. Post-ingestional factors may play
a role here. Although the amount of licking under deprivation in-
creased as did the hours of deprivation, this was not observed when
comparing the licking that was elicited by the ESLH conditions (Table
X) . In fact, the medium level of stimulation produced significantly
more drinking than the high level on every trial. Similarly, the low
level of ESLH produced more drinkiiig on the first four trials than did
the high level of brain stimulation. This confirms some earlier data
collected with pilot animals.
Comparisons between the levels of motivation using brain stimula-
tion and deprivation as the antecedent conditions (Table XI) demonstra-
ted that the 24-hour deprivation and the 48-hour deprivation conditions
produced significantly more drinking as compared with their analogue
levels of motivation produced by brain stimulation. Again at all trial
points the low brain stimulation produced significantly more milk
drinking than was observed in the 0-hour deprived condition.
Testing
Instrumental response . Figure 9 reveals that bar-pressing
.O
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behavior under ESLH was considerably more persistent and hence less
influenced by the increasing quinine adulteration of the milk than
was the behavior without ESLH. Not only did the ESLH produce a gen-
eral increase in instrumental responding (F = 18.16, P < .0005)
(Table VI), but this increase v. s most often observed in those condi-
tions in which the quinine concentrations were quite high
(. Olgm. /100ml. ~.16gm. /100ml.) (F = 2.81, P < .05). A trial by trial
analysis of these differences (Table XIII) revealed that even the
lowest level of brain stimulation elicited significantly more bar-
pressing than the 48-hour deprivation condition did for the stronger
quinine levels (. 02gm. /100ml.— . 16gm. /100ml .)
.
The probabilities presented in Table VII suggest again that the
effect of increasing the intensity of the electrical stimulation had
only a small effect on increasing the amount of behavior exhibited.
In this case, clear-cut significance only occurred consistently be-
tween the behavior exhibited during high and low brain stimulation.
If the data from the two most concentrated quinine solutions
are ignored (There was little or no drinking of these solutions, re-
gardless of the level of deprivation) , it is apparent that both the
48- and 24-hour deprivation conditions produced significantly more
responding than was observed when the same subjects were not deprived
(Table VII).
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Consummatory response
Licking following bar-pressing
The data presented in Figure 10 shows the mean number of licks
for the various concentrations of milk and quinine. Table XII pre-
sents the trial by trial statistical comparisons for the various brain
stimulation and deprivation conditions. In general, the higher the
level of deprivation or the higher the electrical stimulation deliv-
ered to the hypothalamus, the more quinine adulterated milk consumed.
Contrasting the ESLH conditions with the deprivation conditions
revealed some interesting differences (Table XIII) . The form of the
difference was best illustrated by the trial by trial statistical com-
parisons made between the 48-hour deprivation condition and the high
ESLH condition. For the three least adulterated solutions of milk,
the 48-hour deprived group consumed significantly more of the solu-
tion. However, when offered the five most concentrated solutions, the
animals under the effects of high ESLH licked more for the quinine
and milk. Furthermore, combining the data from the four most bitter
quinine levels showed that even low ESLH elicited more licking than
~did 48-hour “deprivation (Walsh test , P < .001)
.
Licking—no instrumental response
The data indicate that the licking behavior with no preceding
instrumental response (Figure 11) are similar in form to the data ob-
served when the instrumental response was required (Figure 10) . In
most cases, (Table XII) the higher the level of motivation, the more
/
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TABLE XII
RESULTS OF WALSH TESTS FOR THE LICKING DATA COMPARING LEVEI S
OF ESLH INTENSITY AND LEVELS OF DEPRIVATION:
TESTING
TRIALS 1 2 3 4 5 6 7 8
Comparisons
:
licking
B.S. H-L
.016 N.S. N.S. N.S.
H
.008
H
.008
H
.016
H
.016
licking
B.S. M-L
L
.023 N.S. N.S.
M
.055
M
.016
M
.055
M
.055 N.S.
licking
B.S. H-M .016 N.S. N.S. N.S.
H
.055
H
.023
H
.016
H
.016
licking, no
B.S. 48-0 hrs.
48hr
.
.023
48hr.
.008
48hr
.
.016
48hr
.
.023
48hr
.
.016
48hr.
.086 N.S. N.S.
licking, no
B.S. 48-24 hrs. N.S
48hr
.
.023
48hr.
.055 N.S
48hr
.055 N.S. N.S. N.S.
licking, no
B.S. 24-0 hrs.
24hr.
.023
24hr
.008
24hr
.
.023
24hr
.
.008
24hr
.
.055 N.S. N.S. N.S.
bar-press
licking
B.S. H-L N.S. N.S. N.S.
H
.023
H
.023
H
.008
H
.008
H
.016
bar-press
licking
B.S. M-L
M
.023
M
.055 N.S.
M
.016
M
.055
M
.086
M
.055 N.S.
bar-press
licking
B.S. H-L
M
.023
M
.023 N.S. N.S.
H
.055 N.S.
H
.023
H
.055
bar-press
licking, no
B.S. 48-0 hrs.
48hr.
.008
48hr
.
.008
48hr.
.008
48hr
.
.008
48hr.
.008
48hr
.
.023 N.S. N.S.
bar-press
licking, no
B.S. 48-24 hrs.
48hr.
.055
48hr.
.023
48hr
.
.008
48hr
.055
48hr.
.055 N.S. N.S. N.S.
bar-press
licking, no
B.S. 24-0 hrs.
24hr.
.008
24hr
.
.008
24hr.
.016
24hr
.
.008
24hr.
.023
24hr
.
.023 N.S. N.S.
B.S. = brain stimulation (ESLH)
N.S. = nonsignificance
H = high ESLH
M = medium ESLH
L = low ESLH
/
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TABLE XIII
RESULTS OF WALSH TESTS FOR THE LICKING BEHAVIOR
COMPARING DEPRIVATION WITH ESLH CONDITIONS:
TESTING
TRIALS 1 2 3 4 5 6 7 8
COMPARISON:
Licking
L-0 hrs.
L
.008
L
.008
L
.008
L
.008
L
.016
L
.023 N.S. N.S.
Licking
M-24 hrs. N.S.
28 hr
.023 N.S.
M
.055
M
.023
M
.008
M
.008
M
.016
Licking
H-48 hrs. N.S.
48 hr
.055 N.S.
H
.023
H
.023 N.S.
H
.008
H
.016
Bar-press
Licking
L-0 hrs.
L
.023
L
.023
L
.055
L
.055
L
.055
L
.055 N.S. N.S.
Bar-press
Licking
M-24 hrs. N.S. N.S. N.S. N.S.
M
.023
M
.055 N.S. N.S.
Bar-press
Licking
H-48 hrs.
48 hr
.016
48 hr
.023
48 hr
.023
48 hr
.055
H
.016
H
.016
H
.055
H
.055
H = high ESLH
M = medium ESLH
L = low ESLH
N.S. = nonsignificance
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drinking and the more persistent the drinking in spite of the presence
of the quinine.
Again, low ESLH induced more feeding than was observed in the
nondeprivation state. This was observed with all but the two highest
quinine levels (Table XIII). Likewise, although the 24- and 48-hour
deprivation conditions produced at least as much drinking and some-
times significantly more drinking of the plain milk and the .0025 per-
cent and .005 percent milk and quinine solutions, the comparison lev-
els of ESLH always produced more licking for the more bitter solutions
(.02gm.— .16gm. /100ml. milk, Table XIII).
III. DISCUSSION
Miller (1956) has correctly observed that multiple measures allow
for a more precise analysis of behavior. In the case of this experi-
ment, instrumental and consummatory behavior are not completely cor-
related. This is probably because the consummatory behavior is more
directly influenced by post-ingestional effects. One example of this
observed difference is seen in the training data where satiation ef-
fects apparently reduced the amount of licking in the later trials.
The instrumental behavior did not decrease. This observation confirms
Bolles suggestion (1967) that response measures not directly influ-
enced by post-ingestional effects are better measures of the drive
states such as hunger and thirst. That is, when post-ingestional ef-
fects are eliminated, the effects of deprivation are more pure.
Despite the lack of precise internal consistency between the
70
measures used to evaluate the nature of the state evoked by ESLH, sev-
eral general points can be advanced.
This data does not support the hypothesis that hypothnlamically
stimulated animals are more sensitive to taste. If ESLH did sensitize
the animals to the quality of the reinforcement, the persistent lick-
ing and bar-pressing seen with stimulation should not have occurred.
In this respect the data from this experiment support conclusions that
|
were drawn by Tenen and Miller (1964). Likewise, the feeding behavior
of the brain stimulated animal is not just a compulsive responding for
any readily available high incentive reward. The subjects demonstra-
ted instrumental behavior even for the worst tasting solutions (solu-
tions they would not lick even when deprived for 48 hours)
.
On the other hand, a hunger drive hypothesis does not explain the
data either. It could be assumed that even the lowest level of brain
stimulation induces a drive state of hunger that is stronger than when
the animals were 48 hours deprived. This seems unlikely from Tenen
and Miller's data, but if it were true, this would easily explain the
greater persistence of drinking seen with ESLH. However, a hunger
drive explanation would also predict that if the brain stimulation
produces a higher level of drive than that observed after 48 hours of
deprivation, then intake of the more acceptable solutions should be
higher than the intake observed while the animals were deprived for
48 hours. In fact, the data shows that this is not the case. Often
the deprivation conditions produce significantly more licking in
re
sponse to the less bitter solutions. ^
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One interpretation of this result might be that the increased
activity that accompanies the brain stimulation interferes with the
animal’s licking behavior and, consequently, prevents it from consum-
ing as much as it would when 48-hours deprived. While there is no
doubt that the brain stimulation energizes a great deal of extrane-
ous behavior other than licking or bar-pressing, this seems to be an
improbable explanation. First of all, it is not adequate because the
increases in activity observed were not great. Secondly, if the re-
duced licking for the more acceptable were caused by the energiza-
tion of competing responses, should not these extraneous responses be
even stronger when licking is punished with the bitter solutions?
In summary, it can be concluded that neither a drive or an in-
centive explanation adequately explain the data. This investigator
is left with the impression that ESLH must, as Valenstein, et al.
(1969) have suggested, elicit well-organized sequences of motor re-
sponses that when performed are reinforcing in their own right (Glick-
man and Schiff, 1967).
CHAPTER V
GENERAL DISCUSSION
Based on the previous work of Perera and Glusman (1968)
,
Phillips
and Mogenson (1968), and Valenstein, et al. (1968, 1969), the author
hypothesized that stimulus-bound eating, as well as other stimulus-
bound behaviors, were made manifest by a process that increases the
animal's reactivity to incentive aspects of reward. The data from
this dissertation do not fit this hypothesis. Nor are the data easily
explained by Miller's hypothesis (1957, 1960) that ESLH produces a
drive state similar to that which results from deprivation. The data
do confirm Tenen and Miller's (1964) report that animals when given
ESLH will tolerate more quinine in their milk than when they are food
deprived. Likewise, higher ESLH current intensities, as well as
longer deprivation periods, induced more licking and bar-pressing for
the more highly adulterated milk solutions. However, ESLH did not
appear to make the animals more hungry, since they did not drink more
of the less adulterated milk solutions than they did when 48 hours\
deprived.
In the two-bottle preference tests the animal's relative intake
of quinine adulterated sucrose and saccharin solutions was not influ-
enced by ESLH. Where deprivation did influence the animal to take in
/
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more sucrose and it did make the animal more reactive to the sensory
quality of the reward; ESLH did not have this effect. Although ESLH
did increase overall intake, the choices of the nutritive or non-
nutritive solutions were not significantly different from those the
animals made when not brain stimulated. In short, ESLH animals when
deprived control their intake in terms of choice in a manner similar
to deprived animals without brain stimulation. When nondeprived, the
ESLH animals behave like nondeprived animals.
Finally, the results of this dissertation demonstrated that ESLH
animals are more persistent than nonstimulated animals in making re-
sponses that they have had experience making even if these responses
are no longer reinforced. Apparently, the learned habit of performing
a standard response within a specific environment is not crucial to
this effect because previous experience did not induce responding on
empty tubes (the established response) in deprived animals. In some
way the ESLH itself elicited persistent responding despite nonreward.
Neither a drive nor an incentive theory could predict these data.
If the effects of ESLH are not easily handled by a drive or in-
centive theory, is there presently any information that helps to ex-
plain why ESLH animals eat? Any adequate explanation would have to
answer three perplexing questions related to electrically-induced eat-
ing: 1) What is the nature of the motivational state that allows the
animals to show a variety of consummatory behaviors? 2) What are the
variables that determine which behavior an animal will acquire or
switch to? 3) Finally, why is behavior motivated by ESLH more
/
persistent despite nonreinforcement or negative reinforcement?
Valenstein, et al. (1969) have offered several hypotheses that
may prove useful to our understanding of stimulus-bound behavior.
These investigators have suggested that in some instances the re-
sponding that results from ESLH may increase the reinforcement of the
brain stimulation, but in other cases the stimulus-bound behavior may
be a means of coping with aversive properties of the ESLH. In other
|
words, the switching of one form of behavior to another may simply be
compulsive displacement or distraction activity that makes the aver-
sive qualities of the ESLH less salient.
Another suggestion proposed by these researchers is that any non-
specific activation may produce stimulus-bound behavior in environ-
ments in which there are stimulus objects with the capacity to elicit
a high frequency of a particular response. Barfield and Sachs’ data
(1968) is cited to show that this might take place. This study showed
that if mildly painful electric shock were delivered to the skin of
male rats at regular intervals during tests with receptive females,
males showed increased sexual activity that gradually became concen-
trated around the time of shock delivery. Furthermore, the shock
could arouse the male during its sexual refractory period to show more
sexual interest.
While these two hypotheses merit further research, an alternative
hypotheses suggests itself to this author. It is proposed that
the
nature of stimulus-bound behavior can best be seen in light
of the
ontological development of feeding responses.^ The behavior
elicited
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by ESLH may be similar, both in terms of its initial arousal and in
terms of its modifiability, to the feeding behavior that is normally
observed in young mammals.
At birth primitive oral reflexes such as rooting and sucking domi-
nate the eating behavior of the young mammal (Ross, Fisher, and King,
1957). These reflexes are entirely automatic and can occur when the
animal is asleep or in a coma (Teitelbaum, 1967). Furthermore, these
reflexes are responses of approach; they serve to bring the infant
mammal in contact with the most readily available source of food, the
mother’s breast.
However, these basic reflexes eventually disappear and are re-
placed by voluntary purposeful eating responses (Peiper, 1963).
Teitelbaum ( 1966) has made the point that all feeding responses such
as chewing, biting, licking, and swallowing are really learned modifi-
cations of the basic feeding reflexes seen at birth and as such they
show all of the properties of other learned responses. It is not
clear as yet how these responses are learned; undoubtedly, the textures
of foods, as well as other stimulus characteristics of food presenta-
tion, shape these responses. However, it is clear that the response
an animal learns for a particular food would be the response that is
most adequate for consumption, since it would yield more reinforcement.
Like all habits, biting, licking, and chewing responses may be replaced
by other learned habits; and after some inertia, they may show extinc-
tion (LeMagnen, 1967). For instance, the response an animal learns to
feed itself may be quite arbitrary. Coppock and Chambers (1954) showed
/£*
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that rats learn to hold their heads in a nonpreferred position to ob-
tain food (glucose injections). Epstein and Teitelbaum (1962) have
shown that rats will learn a bar-pressing response to inject them-
selves with milk. Furthermore, Janowitz and Hollander (1953, 1955)
have shown that oral eating responses can undergo extinction. Dogs
and rats lose their oral habits if these responses are not regularly
used by the animal to obtain food. Their animals were maintained by
tube feeding for four to seven weeks and when intragastric feeding
was discontinued, oral intake was extinct. The response was reac-
quired only very slowly and the animals appeared to be aphagic until
the responses of eating were relearned.
It is also interesting that in the decorticate animal (Peiper,
1963) or the severely brain-damaged patient (Denny-Brown, 1958) the
infantile reflexes of feeding remain. These reflexes are not con-
scious nor are they under voluntary control. It could be speculated
that in the processes of development or encephalization , higher brain
centers through learning or some other process become dominant over
centers in the brain that are the neural substrate for these primi-
tive eating reflexes seen at birth. These higher brain centers, of
which there are probably many, in the normal situation control and
modulate the reflexive eating center. The hypothalamically stimulated
animal might be thought of as an animal in search of a response. The
response that is initially activated by the ESLH is similar to the
feeding reflexes of the newborn mammal. However, this response
is
quickly shaped by the objects present in the environment so that it
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becomes expressed as eating, drinking, or gnawing behavior.
Observations by this author would confirm the notion that the
behaviors of ESLH on initial stimulation are not only quite variable
and easily altered, but they appear to have groping and searching
characteristics analagous to those seen in the newborn animal as it
searches for its mother’s breast. Contact seems to be crucial in the
elicitation of the responses of the brain-stimulated animal, just as
contact is crucial for eliciting the basic feeding reflexes in the
newborn infant.
At least at a descriptive level, the hypothesis, that ESLH acti-
vates oral response patterns (Fixed action patterns?) that are nor-
mally only seen in the young mammal, may help explain the questions
raised by previous research. First, it is evident that ESLH-elicited
oral responses can be quite variable and modifiable just as the basic
feeding reflexes of the young animal are modifiable. In both cases
the form of the response depends on the stimulus characteristics of
the consumable object as well as how it is presented.
Secondly, if ESLH elicits instinctive oral response patterns,
then the explanation of how ESLH motivate the animal and why the ani-
mal is more persistent in responding is really the explanation
of the
nature of the motivational process or processes underlying all
in-
stinctive responses.
Glickman and Schiff (1967) have suggested that the
performance
of basic reflex motor patterns that exist in a
preformed state within
the brain-stem may in itself be reinforcing.^
Evidence that lends
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credence to this hypothesis comes from two studies by Thompson (1963)
and Thompson and Sturm (1965) who have shown that Siamese fighting
fish will learn an operant response to have a stimulus that elicits
an unlearned response of aggressive display presented. Unless one
hypothesizes that the sight of the sign stimulus is rewarding, it
must be concluded that the response itself is rewarding.
The experiments of this dissertation demonstrated that the ESLH
animal persists in responding longer than in deprived control condi-
tions when there is no reward or when the reward is aversive. The
persistence would be predicted because the display of the oral re-
sponse may be rewarding itself. Furthermore, the display of a partic-
ular learned modification of the basic oral response pattern might
show an inertia in changing just as the feeding responses of the in-
tact animal (Janowitz and Hollander, 1953, 1955) show relatively slow
extinction and reacquisition.
In concluding this dissertation, four avenues of further research
will be proposed. Certainly there should be more research devoted to
the analysis of the development of motor feeding patterns. In line
with this, it would be interesting to examine the feeding responses
of animals who are either naive (tube feed from birth) in respect to
the development of a variety of feeding responses. Animals whose con-
summatory feeding, drinking, or gnawing responses have been extin-
guished through long-term tube feeding might also be examined. In
both cases, if licking, chewing, and biting are really learned
modifi-
cations of a common oral response pattern, then these animals
should
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only show the basic feeding response of the newborn animal when given
ESLH. The responses of biting, chewing, and licking would only appear
with extensive experience.
Implicit in the proposed hypothesis is the conception that the
performance of an innate response pattern is itself rewarding. One
way to see if this is true of ESLH would be to see if the brain-
stimulated animal will exhibit an operant response of injection of
milk into the stomach which was learned when the animal was food de-
prived (Epstein and Teitelbaum, 1962). This would allow the animal to
feed itself without the display of an oral response. The proposed
theory would predict that the ESLH animal would not self-inject, but
would rather show some other oral response.
Another avenue of research would be to directly determine if ESLH
alters or initiates oral reflex patterns. MacDonnall and Flynn (1966)
have shown that oral reflexes are potentiated when hypothalamic stimu-
lation that elicits attack is administered. The same may be true of
stimulus-bound eating.
Finally, it would be interesting to examine ESLH-induced feeding
in neodecorticate animals and in animals with lesions of brain
areas
that have been shown to play a role in eating and drinking
behavior
(i.e., amygdala, septal area, frontal cortex, and habenula).
The
ability to develop various feeding responses might
be eliminated by
all or any one of these lesions#
i
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APPENDIX A
EXPERIMENT 1
CELL MEANS FOR EXPERIMENT 1
Quinine combined with 100ml. of sucrose
None .0002 .0006 .0018 .0054 .0162 .0324
1 2 3 4 5 6 7
1 Sucrose
24 hrs. deprived 404.8 275.2 222.3 187.4 117.1 25.1 11.1
2 Saccharin
24 hrs. deprived 6.1 10.3 14.0 20.8 35.4 73.2 102.6
3 Sucrose
24 hrs. deprived
+ ESLH
409.9 333.5 324.4 251.8 243.0 95.2 54.2
4 Saccharin
24 hrs. deprived
+ ESLH
74.7 112.0 92.1 148.6 147.6 140.4 246.3
5 Sucrose
0 hrs. deprived 177.2 141.8 156.8 92.3 97.3 10.5 4.2
6 Saccharin
0 hrs. deprived 10.1 10.8 16.7 19.5 32.0 41.4 50.3
7 Sucrose
0 hrs. deprived
+ ESLH
339.1 303.8 295.8 300.8 257.1 111.9 106.9
8 Saccharin
0 hrs. deprived
+ ESLH
84.5 113.7 120.9 88.8 126.4 140.5 185.2
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APPENDIX B
EXPERIMENT 3
CELL MEANS FOR BAR-PRESSING DATA
FOR TESTING AND TRAINING
TEST TRIALS
TRAINING: 1 2 3 4 5 6 7 8
L 8.6 6.8 8.6 7.5 8.6 8.3 6.7 7.1
ESLH M 9.2 9.6 10.3 10.2 10.2 9.1 8.5 8.3
H 9.1 10.3 9.2 8.8 9.1 10.0 9.3 9.0
Depri-
vation
0 hrs 2.3 2.5 2.6 2.2 2.2 1.0 .75 1.25
24 hrs 5.7 4.3 7.3 4.8 7.0 6.3 5.5 7.1
48 hrs 7.1 8.6 11.0 10.0 10.5 10.6 9.8 9.1
QUININE CONCENTRATIONS
TESTING
:
0 .0025 .005 .01 .02 .04 .08 .16
L 9.5 9.0 8.5 8.3 7.8 5.7 4.5 4.0
ESLH M 9.1 10.0 11.0 10.1 8.3 7.2 6.0 6.1
H 10.7 10.3 10.2 10.3 9.7 9.3 7.5 6.7
0 hrs 2.7 1.5 .3 .5 .5 0 .2 0
Depri-
vation 24
hrs 8.7 8.1 6.0 4.2 4.2 3.8 1.2 .5
48 hrs 10.2 11.1 8.2 5.7 5.5 2.1 .3
0
r
»
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appendix c
EXPERIMENT 3
CELL MEANS FOR LICKING BEHAVIOR FOLLOWING
BAR-PRESSING TRAINING AND TESTING
TEST TRIALS
TRAINING: 1 2 3 4 5 6 7 8
H 84.3 102.1 102.3 103.2 106.3 108.2 109.1 108.8
ESLH M 94.8 107.0 108.5 120.0 116.3 109.5 100.7 102.25
L 98.0 87.6 98.2 90.2 99.5 97.8 84.1 81.7
48 hrs 25.5 45.8 28.7 23.8 25.5 6.5 5.6 11.2
Depri-
vation 24
hrs 59.7 53.6 95.0 67.1 94.1 71.6 68.6 71.3
0 hrs 25.5 45.8 28.7 23.8 25.5 6.5 5.6 11.2
QUININE CONCENTRATIONS
TESTING • 0 .0025 .005 .01 .02 .04 .08 .16
H 110.5 94.8 84.6 104.0 85.8 67.3 50.0 50.76
ESLH M 130.8 104.0 93.7 98.0 76.5 55.1 31.3
31.3
L 105.3 89.5 85.6 73.3 60.5 30.1 7.6
8.8
48 hrs 128.3 135.7 110.8 62.6 32.3 8.0
0.0 0.0
Depri-
vation
24 hrs 113.1 113.0 77.0 34.1 23.7 9.0
1.3 0.3
0 hrs 22.8 13.1 3.7 -5.0 4.8
0 0.2 0.0
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APPENDIX D
EXPERIMENT 3
CELL MEANS FOR ONE-MINUTE TRIALS WITH THE
DRINKING TUBE ALWAYS AVAILABLE:
TRAINING AND TESTING
TEST TRIALS
TRAINING: 1 2 3 4 5 6 7 8
H 157.7 179.2 179.0 209.1 196.8 205.0 203.5 204.5
ESLH M 230.0 241.3 275.6 274.8 276.7 277.2 275.7 284.5
L 271.6 272.5 302.5 279.1 256.1 219.8 178.3 176.8
Depri-
vation
48 hrs 237.1 264.3 308.7 309.1 291.2 234.0 239.7 265.2
24 hrs 234.7 196.2 202.0 173.6 204.3 191.5 203.7 174.6
0 hrs 129.2 147.3 90.0 116.3 91.8 33.8 16.8 0.0
QUININE CONCENTRATIONS
TESTING : 0 .0025 .005 .01. .02 .04 .08 .16
H 166.6 165.8 119.7 115.6 88.6 65.1 49.0 45.3
ESLH M 224.7 185.3 142.7 99 .
1
55.2 37.0 16.7 18.6
L 251.3 185.2 131.8 81.3 23.3 2.2 9.8 1.1
48 hrs 276.7 *260.3 205.5 142.6 43.6 18.1 1.8
0.3
Depri-
vation 24
hrs 244.6 217.6 175.2 105.1 25.1 0.6 0.5
0.1
0 hrs 137.7 88.5 58.5 14.1 0.5 0.0
0.3 0.0

